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Results are presented of an invest igat ion  to  determine the pres- 
sure distributiona on a w i n g  with leading-edge sweepback decreasing f rom 
45O at the root t o  20' at the   t i p ,  an aspect   ra t io  of 4.12, t aper   ra t io  
of 0.36, and MACA 6Uoog a i r fo i l   sec t ions ,  Tests -re conducted at a 
Reynolds number of 3.5 x lo6 and a Mach number of 0.07 on the wing with 
and without 0.20 chord 0.65 span split flaps deflected 60°. These pres- 
a w e  distributions are  analysed here in   t o  determine the character of h o w  
and i ts  effect on the a tabf l i ty  of the wtng. 

INTRODUCTION 

Some Consideration has been given t o  a aweptback wing with the sweep 
decreasing f r o m  root t o  t i p  as a means of a l leviat ing the poor 1ow"speed 
charac te rb t ics  of  sweptback wings. The selection of thls par t icular  
plan form is based on the  premise that the smaller angle of sweepback 
in   t he  outboard w i n g  panels would  diminish the inherent early tip 
s ta l l i ng  tendenciea and thus improve the 1ow"speed stability and control 
characterfatice.. Teste at low scale of thia  type of sxeptback wing 
(reference 1) show, f o r  low-peed conditions,  incrementa in lift due t o  
plain flap deflection w b i c h  are considerably higher than those maswed 
f o r  conventional Bweptback wings and a linear VarFation  of  pitching- 
nomnt  coefficient with lift coefficient up t o   t h e  stall. In view  of 
the  favorable results at low s c d e ,  a genepal investigation of a swept- - back wing with t - b . - l & w d g e  sweep decreasing f r o m  45O at the root 
t o  20° at the tip has been conducted i n  the Langley full-scale tunnel. 
The llhaxlmum lift and static-longitudinal  stability  characteristics 
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The inyeatigation comigted in msasuremsnta of the eurface s t a t i c  
pressures along the chard f o r  stations located at 10, 20, 40, 60, and 
80 percent of the wing semispan at ane;lee of attack from-0' through the  
stall at zero yaw. The baeic wing and the ving with 60° e p l i t  flap8 
fIlEltalled were tested at a Reynolds nrzmber of about 3.5 X 10 asd a 6 
Mach number of 0.07. 

The data are referred t o  the uing axes with the origin at the 
quartemhord af t h e  mean aerodynamic chard. The data have been 
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The geometric characterist ics of the model are given i n  figure 1. 
The wing has an angle of sweepback at the  leading edge of 45O f o r  the 
inboard 30 percent gpan, 30° fo r   t he  mideemispan (35 percent) and 
200 for the outboard 35 pefient span. The win@; has RACA 64AOOg airfoil 
sectiolvr pasallel t o   t h e  plane-of symmetry, an mpect   ra t io  of 4.12, 
taper   ra t io  of 0.36, and has no geometric dihedral or  t w i s t .  A more 
&etaUed  descr‘iption of the model construction is given i n  reference 2. 

- The wing wa8 equipped wit.h flush surface  s ta t ic  pressure orif ices  
arranged in chordwise rows located at LO, 20, 40, 60, and 80 percent 
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of the right wing semispan as shown i n  figure 2. The chordwise 
location of the orifices,  which is the same f o r  all spanwise stations, 
is a l s o  given in figure 2. A photograph of the basic wing mounted i n  
the Langley full-scale tunnel is  given as figure 3. 

The wiy was equipped with a 2 w r c e n t - c h o r d  split f l ap  
deflected 60 located on the inboard 65 percent of the wing span. The 
f l ap  was equipped with one s t a t i c  premure or i f ice  for each spanwise 
s ta t ion  at the midpoint of the f l ap  chord which, when projected 
ver t ica l ly   to  the a i r f o i l  chord, was located at 6 percent of the local  
a i r f o i l  chord. 

- . .  

. I  - 

The surface  static  presswee were measured by means of a multiple- 
tube manometer and photographically  recorded.  Tests were made at zero 
yaw through an angl-fettack range from Oo through the stall, taken 
in increments of bo except near maxbnum.lift- where lo increments were 
med. The configurations  tetrted were the  basic w i n g  and t h e  w i n g  with 
a 20-percent-chord Fnboard 6>percent-rrpan spl.it  flap  deflected 60°. 
All tests were made at a Reynolds  number of 3.5 x 10 and a Mach number 
of 0.07. Studiea of flow characterist ics were also made f o r  them 
configmatiom by the w e  of wool tufts at tached  to  the wing upper 
aurface. 

6 

REDUCTION O F  DATA 

Presaure Distributions 

The msasured static  pressures were reduced to   coeff ic ient  form and 
plotted agahst their  respective chordwise locationa. For the wing wfth 
the  spl i t   f lap  def lected,  the flap  static  presswee  were.glotted perpen- 
diculs;r t o  the a i r f o i l  chord. For these figures a uniform pressure field 
was assumed t o   e x f s t  behind the  f lap,  the value being determined by the 
orifice  located at 0 . 9 5 ~  an the lower surface of the a i r f o i l .  Because 
of the imufficierrt data to determine accurately  the span loadings at 
the end  of the  f lap  and'the wing t i p s ,  the curves were fa i red in  these 
regions according t o  the beet  available  information. 

" 

Fromthese pressure plots the section liFt coefficients, span 
loading coefficients, and local  centers of pressure were obtained by 
the ueual calculation and integration  procedures, ne&ec.t_ing the chord 
f3r-s. Calculations  indicate a maximum error due t o  neglecting chord 
forces of about. 2 percent on the wing lift coefficient and about 
3 percent on the section lift coefficients. 



KACA RM L5QA23a 5 

Flow Di- 

The flow diagram represent  the combined interpretation of tuft 
studies and pressure distributiom. In the  hi@+,,if't range it was 
diff icul t   to   dis t inguish between stalled and very rough flow as indi- 
cated by the t u f t s  and, f o r  t h i s  reason,  the  pressure  distributions . 
were used t o  identif'y more precisely the stalled areas. The tuft;s were - 
also used t o  indicate  direction of flow and the degree of' roughneed. 

Besentation of Results 

In figure 4 are presented the chordwise presmre  distributions at 
several asglee of attack for t h e   h e i c  wing, and the  distributions  for 
the wing with the split f l ap  are shown in  figure 5 .  The flow diagrams 
axe  presented in figure 6. In figures 7 to 9 are prestrnted the inte- 
grated resul ts  of tlie  pressure  dietributioha in the form  of section . 
lif% coefficients and span l&ding c o e f f i c i h t s .  The cente-fqressure 
locationa  me given in   f igures   10 and 11. The vwiat ion of the  total 
wing lift end pitching-laament coefficients with angle of attack is given 
in figure 12. It should be noted that   the  wing lift coefficients  given 

' in figure 12 are about 5 percent and 9 percent  higher,  respectively,  for 
the   sp l i t  flap and basic wing configuration thgn for  the corresponding 
values  obtained f r o m  the force measurements (reference 2). There is no 
explanation f o r  these  descrepancies; however, it is fe l t  that these 
resul ts  do not  significantly  alter  the  conclusions  derived fYom the  data 
presented herein. 

Pressure  Distributions and p l o w  Characterlatics 

Basic ~ 5 % ~ -  The general ahape of the chordwise pressure distri- 
bubions at the low and moderate angles of attack a r e  typical of the t w +  
dimensional distributions for similar airfciils, and the  flow is emooth 
below an angle of attack of loo. A nmA.1.7 region of constant pressure, 
indicating a local region of Bepa3.e;ted flow, first appeared near the 
upper-surface leading edge at an angle of attack 6f about .3.5O 
phenamenon is shown more clearly at the inboard  panel at an angle of 
attack of 7.2' (fig.   4(c)),  Previous t w a n e i o n a l  investigations of 
similar a i r f o i l s  (references 3 and 4) also reveal  the  existence of t h i s  
separation bubble. Because of the emall s i z e  of the bubble, investi- 
gation of this region with t u f t s  fa i led  t o  detect any disturbance, 
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The stdl W&B c k a c t e r i z e d  by l e a d f w d g e  sepaxation, whfch 
appeared first at the outbaard .panel at an asgle of attack of  12.8O 
( f ig .   4(f))  and p r o p s s e d  biboard to the miaS&sph par& ae the angle. 
of a t tack uae increased t o  14.7O (fig. 6(a)).  A t  an angle of attack 
of =,8O the flow diagrams show epanwise flow beginning at the &deed- 

' span panel t rauing edge, and with a -1 increaee in w e  of sttack, 
reversed or forward flow appeared near the jmctfon with the outboard 
panel,  Kith  the flow curving inboard along the leading edge. This 
appeared as a circulatory flbw pattern,  centered on the midsemiepan wing 
panel and rotating in a clockwise direction on the left wing. T h i B  
peculiar flow pattern appeared before complete stall had developed at 
the  80-percent  station. The effect  of this  unmual type flow is  t o  
came a considerable  reduction b the leadiwdge peak negatipe 
preersure as ahown for the 6~percen-t  statim at an-ecngle of attack 
of 13.8O ( f ig .  4( g)) . Some separation of flow at the tm-iung edge IS 

breakdown at the leading edge. These result.8  indicate that the observed . 
uneteady reversed flow (f ig .  6(a) ) is confined t o  an attached  turbulent 
boundary layer and doe8 not, i n  this case, a p p a r  t o  indicate stall. 
The observed In-flow a t  the mldaemispan panel 1ead.ing edge ia induced by . 
the higher  negative pressure peaks farther Fnboard. As the angle of 
attack w a ~  further increased,  this  circulating flow extended  both 
inbaard and outboard until at 18.7O it covered about 70 percent of the 
w i n g  semiepan. 

. ., . 

&SO indicated, but there is I10 indiCatiOn the pl"086UY?eS of flm 

Spli t  fh$  installed.- The pressure distributions for the wing 
with  the  split  flap  installed (fig.  5 )  show higher  nsgative pressure 
peaks and earlier sepmation than were encountered  with  the  baaic Xing. 
Leading-edge separation first appeared. at the  outboard pasel at an angle 
of attack of 9.3O (fig. 5(e)) and at the midsemispan p w l . o f  an angle 

. of attack of 3-0.2O (fig. 5(f)f. A t  the highest angle teated, 13.1°, the 
outboard panel was almoat completely  separated wlth the mideemispan 
panel being intermittently  stalled behind the  separated r e g i o n  at the 
leading edge. 

The c i r cu la tbg  flow pattern is also preaent for t h i s  c a n f i e  
ra t ion  ( f ig .  6( b )  ), and is very similar in appearance and progreseian 
t o  that exhibited. by the  basic wing. 
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Section Li f t '  Coefffcient 

Basic -.- The aectfon lfft c m e ~  (f ig .  7) show that the mid- 
semispan panel maintabs a higher section lift; coefficient below the 
stall than the reat  of the wing, The &+percent station, although in 
the same wing panel. as the w e r c e n t   s t a t i o n s ,  reaches maximum lift 
ahout 3O ear l ier .  This ea r l i e r  stall and consequent lower 18 

attributed to the  reversed boundary-lager flow at th i a  s ta t ion (U.scuaeed 
in  the aectfon on flow chxmcteristice. Althaugh the angle of attack 
wag increased t o  l8.F the eection 1% curves ahow that the 10- and 
2Gpercent at.ations, which were locate& on the more highly swept inboard 
panel, ha&. not reached nvl.afrmlm lift. The slight discrepancies in section 
lift coefficfenks observed at zero angle of attack are believed t o  be 
cawed by posslble varfation fn the air etream acmss the t e a t  aection . 
and i n a c c ~ a c i e s  in model construction, 

Spl i t  flap ba t f l ed . -  The addition of the ap l i t  flap caused a 
large 2.gcreaBe in section liFt coefficient  (fig,  7(b)),  particularly at 
the midsemiapan panel. The 4%percent stat ion experienced az1 increase 
i n  l i f t  coefficient at zero angle of attack of 0.72, which waa the 
highe6t measured on the wing f o r  thie condition. The greatest increnrent 
in mx3nn.m mction lift coefficient due to flaps nas 0.50, a l a 0  obtained 
at the k&percent station, 

' span bad Distribution 

Ba8ic *,- The apan load & b 3 ' k r i b U t i O ~ 6  ( f ig ,  8) are  approximately 
e l l i p t i c a l  in shape in the law and moderate lfft range. Above an angle 
of attack of rO.go, there is  a steady increase and inboard shift in peak 
load coefficient tamed by the inboard progression of s t a l l .  When the 
unusual circnlatory type flow ffrst appe-d at an angle of at tack 
of 13.8O it did not cause any violent chaage in  the span load 
diatribution. 

For comparative purposes a calculate& additional span load diatr i -  
bution,  obtained by the charta of reference 5 ,  is induded in  figure 8, 
The angle of sweepback wed for theae charts was 30°, which i a  the  angle 
of sweepback of the mldsemispan panel, w i t h  the aspect r a t i o  and taper 
ratio unchanged, Althaugh it l e  recogpized that there is considerable 
difference between the aemnm.6 plan form arid actual p lan  form, there is 
good agreement between the experimental and caLculated  additional  loading 
curves f o r  moderate angles of attack. 

Split f l a p  inst&&.- The effect of the s p l i t  f l a p  on the span 
loading c m e  i6  tcr provide an increase i n  loading over the flapped 
portion of the Hng, thia effect  being more pronounced f o r  Iow angles of 
a t tack  ( f ig ,  9 ) .  This effect i s  a lao  iulicated by the  inboard  location 
of center of preasure noted for the flapped wing (fig. 10). The center 
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of pressure moves outboard with increasing angle of a t tack up t o  9 . 3 O  
where the outboard panel reaches c ' . As angle of attack i a  further h x  
increased  there is an inboard sh l f t  i n  center of pressure CaUBed by the 
increase in lif% of the inboard pmel, which cpntinuee through the 
highest angle of attack  teated.  

Center of Preaeure 

* 

Basic wing. -  The chordwise center-of-pressure variation w i t h  angle 
of attack i s  presented in f igure   l l (a ) .  Below the s t a l l  the   local  
center of pressure remains essentially  constant with angle of attack 
above a t  ecngle of attack of about bo, but with the onset of leadlng-edge 
separation  there is an abrupt  rearward shift in center of presaure and 
a subsequent relocation at a pugition farther aft. Even though there i s  
an inboard shift in XFng center of pre8.6qe. a f t e r .  the g c c ~ e ~ n c f  of 
leadingedge  separation, the rearward shift i n  the local center of 
preseure combined w i t h  the  maintained maxinun l i f t - o f   t h e  tip eections 
resu l t s  i n  sat isfactory  s ta t ic   longi tudinal   s tabi l i ty  of the w i n g  through 
stall, ae sham in figure 12 and discussed in the force4as t   resu l te  of 
reference 2. 

- .  . .  . 
. .  

Split flap  installed.- The ef fec ts  of split-flap  deflection 
(f ig .  ll(b)) is t o  cause a amall but  consistent forward movement of 
local center of pressure with an increase in.angle of a t tack at all 
etations below the stall. The forward movement- i n  center .of pressure a t  
the low and moderate angles of a t tack   resu l te   in  a prono-y+ed deetabi- 
1izIn.g  tendency in the wing pitchiqwmment c e c t e r i s t i c s  for angles 
of-attack between 6.5O and 8.3' as &own in  reference 2. As .leadin& 
edge separation develops the c m e s  follow.t.he same trends a8 shown f o r  . . 

the basic wing, with the cenker of pressure considerably farther aft 
than f o r  the basic w i n g .  . 

. -  

I- 

.- 
. " 
" 

The results of an investigation at high Rewolde numbers and low 
Mach numbera i n  the Laagley full+cale tunriel t o  determine .the pressure 
distributions of a wing w i t h  the. leading4dge sweepback deqreasfng from 
45* at the roo t   t o  20° at the t i p s  a r e .  sugmrized .as follow8: 

. .  - 

. .  

1. The stall w a ~ l  characterized by 1eadi-dg.e separation, which 
first occurred at the outboard panel at an angle of attack of 12.80 fo r  
the  basic wing. An increase in angle of a t t ack   t o  14.7' extended %hie 
separation t o   t h e  midsemispan panel with the inboard panel remaining - 
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-0th at 18.7% For the flapped uing the stall progression was the  
same with leading-edge  separation  occurring  about 3 . 5 O  ear l ier .  

2. The &percent s ta t ion maintains the highest section liFt coef- 
f ic ien t   for  al l  angles of attack below the stall, both with split f laps  
removed and installed. The greatest increment in section lift coef- 
f ic ient  gained by use of the split f lap at zero asgle of attack was 0.72 
measured at the h e r c e n t  station. 

3.  The spanwise h a d  dfstributione are approximately e l l i p t i c a l  in 
shape in the noderate-15f-b range. The peak load coefficient i s  located 
at the inboard panel in the high-lift; range. The effect of t he   sp l i t  
f lap was t o  increase  considerably  the loading coefficient over the 
flapped partion of the wing, part icular ly   in  the lo~+lift range. 

4. In the 10x"lift range the center of pressure shows l i t t l e  vari- 
a t i o n  with angle of attack for the basic wing, buk an abrupt rearward 
sh i f t  occurs  with l e a d i w d g e  separation, which, in  the absence of any 
appreciable s p a n w i s e  c e n t e ~ - o f ~ r e s s u r e  movement, results in satfsfactory 
s t a t i c  longitudinal s tab i l i ty .  The cen te~f"p re8su re   pa t t e rn  is the 
same for the  flapped wing, except f o r  a forward movement with 
increasing angle of attack below the &all. The center of pressure is 
located  farther aft than on the  basic wing. 

Langley Aeronautical  Laboratoq 
National Advisory Cananittee for Aeronautics 

Langley A i r  Force Base, Va. 

. 
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Aspect rat io 4.1 2 v 
Taper ratio 0.36 
Wing area 190.24 sq ft 

Figure 1.- Geometric characteristice of wing. All dimensions are given Ja. inchee. 

.. . .  
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m o t h  at 18.70. .For  the  flapped wfng the atall progression wag 
same with lec$liw&ge segaration  occurring about 3.5O ear l ier .  

9 

the  

2. The &percent station  maintains  the highest section l19t coef- 
f ic ien t  for all angle8 of attack below the s ta l l ,  both with split f laps  
removed and installed. The greatest incremsnt in section lift coef" 
f icient  gained by we 07 the s p l i t  flap at zero angle of attack was 0.72 
meaaured at the   bpe rcen t   s t a t ion .  

3.  The spanwise load distributions are approximately e l l i p t i c a l   i n  
shape in the moderate--lift range. . The peak load  coefficient is located 
at the  inboad panel in the  high-lift range. The effect of t he   sp l i t  
f lap  W ~ E  t o  increase considerably the loading coefffcieqt over the 
flapped  portion of the wlng, particularly in the low-lift range. .. 

4. In the 10w"lift range the  center of pressure shows little mi- 
ation with angle of at tack  for  the basic wing, brrt an abrupt rearward 
shift occurs with leading-dge separation, which, in  the absence of any 
appreciable spanwise c e n t m f + r e a s u r e  movement, results in satisfactorg 
s t a t i c  longitudinal s tab i l i ty .  The cente-f-ressure pattern is the 
E- for  the  flapped wing, except for  a small forward movement with 
increasing angle of attack below the stall. The center of preesure is 
located  farther aft than on the  basic wing. 

Langley Aeronautical  Laboratory 
National Advisory Comit tee  f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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Figure 2.- Location of pressure orifices.  
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o Upper surface 
A Lower surface 

Figure 4.- Pressure diatribution along the chord far five spanwise stations 
at variaus angles of attack. Basic wing. 
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Figure 4. -'Continued. 
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Figure 3.- Photograph o f  basic wing mounted In the  Langley f'ull-scde kuIULI" 

. .. . 
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o Upper s u r f m e  
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Figure 4.- Presaure distribution along the chord far five spanwise stations 
at various anglee of attack. Basic wing. 
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Figure 4. - 'Continued. 
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Figure 4.- Contfnued. 
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Figure 4.- Continued. 
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Figure 4.- Continued. 
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Figure 4.- Continued. 
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Figure 4.- Continued. 
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Figure 5.- Pressure distribution along the chord for five spanwise sts- 
tions at variaus angles of attack. 6:= 60'. 
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Figure 6 .  - Plow diagrams. AITOWE indicate direction of flow. 
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(a) Basic wing. (b) Split flap6 installed. 

Figure 7.- Variation o f  section lift coefficient wlth angle of attack far.flve spaawise stations. 
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Figure 10.- Variation of spanwise center-af-pressure  location with angle 
Of attack. 
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Figure 12. - Variation of total wing lift and pitdhing-moment coefficients 
with angle of attack. 
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